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SUMMARY 

F l i g h t  tests were performed t o  i n v e s t i g a t e  t h e  s t a l l ,  s p i n ,  and r ecove ry  c h a r a c -  
t e r i s t ics  of a low-wing, s ing le -eng ine ,  l i g h t  a i r p l a n e  w i t h  f o u r  i n t e r c h a n g e a b l e  t a i l  
con€ i g u r a t i o n s .  The f o u r  t a i l  c o n f i g u r a t i o n s  were e v a l u a t e d  f o r  t h e  e f  fects of  vary-  
i n g  mass d i s t r i b u t i o n ,  c e n t e r - o f - g r a v i t y  p o s i t i o n ,  and c o n t r o l  i n p u t s .  S t a l l s  w e r e  
c h a r a c t e r i z e d  by predominant  r o l l - o f f  t endenc ie s  accompanied by s l i g h t  nose-down 
p i t c h i n g  motions.  V a r i a t i o n s  i n  t a i l  c o n f i g u r a t i o n  produced s p i n s  a t  a n g l e s  of 
a t t a c k  from 40° t o  60° and t u r n  rates of abou t  145 t o  208 deg/sec .  D e f l e c t i n g  t h e  
a i l e r o n s  wi th  t h e  s p i n  tended t o  s t e e p e n  t h e  sp in ,  r educe  t h e  yaw rate ,  and i n c r e a s e  
t h e  magnitude of o s c i l l a t i o n s  i n  r o l l  ra te  and p i t c h  ra te ;  d e f l e c t i n g  a i l e r o n s  
a g a i n s t  t h e  s p i n  had t h e  o p p o s i t e  e f f e c t .  The s t e a d y  s p i n  w a s  n o t  n o t i c e a b l y  a f -  
f e c t e d  by e n t r y  c o n d i t i o n s  or power l e v e l .  I n c r e a s i n g  t h e  mass of t h e  wing d i d  n o t  
a p p r e c i a b l y  change t h e  s p i n  mode, b u t  i t  d i d  degrade s p i n  r ecove ry .  Asymmetries i n  
wing mass d i s t r i b u t i o n  caused t h e  a i r p l a n e  t o  s p i n  f l a t t e r  and t o  r ecove r  more s l o w l y  
when s p i n n i n g  toward t h e  l i g h t e r  wing. A cen te r -o f -g rav i ty  s h i f t  of n ine  p e r c e n t  of 
t h e  mean aerodynamic chord had l i t t l e  e f f e c t  on s p i n  c h a r a c t e r i s t i c s .  Some i;nrcc=v- 
erable f l a t  s p i n s  were encountered  which r equ i r ed  t h e  use of t h e  a i r p l a n e  s p i n  c h u t e  
f o r  recovery .  For r e c o v e r a b l e  s p i n s ,  a n t i s p i n  rudder  fo l lowed  by forward wheel w i t h  
c e n t e r e d  a i l e r o n s  p rov ided  t h e  q u i c k e s t  s p i n  recovery.  For a l l  f o u r  t a i l  c o n f i g u r a -  
t i o n s ,  t h e  moderate  s p i n  modes of t h e  a i r p l a n e  ag reed  very w e l l  w i th  t h o s e  p r e d i c t e d  
from s p i n - t u n n e l  model tests. The f l a t  s p i n  encountered  w a s  a t  a lower a n g l e  of a t -  
t a c k  and a t  a slower t u r n  ra te  than  p r e d i c t e d  from s p i n - t u n n e l  model tests.  R e s u l t s  
i n d i c a t e  t h a t  t h e  1947 NACA t a i l  des ign  c r i t e r i o n  canno t  be used a l o n e  t o  p r e d i c t  
a i r p l a n e  s p i n  r ecove ry  c h a r a c t e r i s t i c s .  

INTRODUCTION 

I n  r e sponse  t o  t h e  need €or improving t h e  s t a l l / s p i n  c h a r a c t e r i s t i c s  of g e n e r a l  
a v i a t i o n  a i r p l a n e s ,  t h e  N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n  (NASA) i s  con- 
d u c t i n g  a comprehensive program t o  deve lop  new s t a l l / s p i n  technology f o r  t h i s  class 
o f  a i r p l a n e  ( r e f .  1 ) .  The program i n c o r p o r a t e s  s p i n - t u n n e l  model tests, r a d i o -  
c o n t r o l l e d  f l y i n g  model tests,  s t a t i c -  and ro t a ry -ba lance  wind-tunnel  tests,  a n a l y t i c  
s t u d i e s ,  and a i r p l a n e  f l i g h t  tests f o r  a number of c o n f i g u r a t i o n s  r e p r e s e n t a t i v e  of 
t y p i c a l  g e n e r a l  a v i a t i o n  a i r p l a n e s .  

A i rp l ane  f l i g h t - t e s t  r e s u l t s  p rov ide  a r e f e r e n c e  b a s e  f o r  c o r r e l a t i o n  of t heo -  
r e t i ca l  p r e d i c t i o n s  and model t e s t  r e s u l t s .  Four s i n g l e - e n g i n e  a i r p l a n e s  a r e  b e i n g  
or have been t e s t e d  i n  t h e  NASA s t a l l / s p i n  program: 
f o u r  i n t e r c h a n g e a b l e  t a i l s  ( re f .  2) ,  ( 2 )  a low-wing a i r p l a n e  wi th  wing- t ip  r o c k e t s  
f o r  c o n t r o l  augmenta t ion  ( r e f .  3 ) ,  ( 3 )  a high-wing a i r p l a n e  ( r e f .  41, and ( 4 )  a l o w -  
wing a i r p l a n e  w i t h  a T - t a i l  ( r e f s .  5 and 6). 

( 1 )  a low-wing a i r p l a n e  wi th  

Sp in - tunne l  model tes ts  ( r e f .  7 )  have been conducted  t o  e x p l o r e  t h e  e f f e c t s  o f  
t a i l  d e s i g n  on t h e  s p i n  and recovery  c h a r a c t e r i s t i c s  of a t y p i c a l  low-wing, s i n g l e -  
eng ine ,  l i g h t  g e n e r a l  a v i a t i o n  a i r p l a n e  and t o  e v a l u a t e  a t a i l  d e s i g n  c r i t e r i o n  f o r  
s a t i s f a c t o r y  s p i n  r ecove ry  f o r  l i g h t  a i r p l a n e s .  These tests showed t h a t  i n  a d d i t i o n  
t o  t h e  t a i l  c o n f i g u r a t i o n ,  o t h e r  geometr ic  c h a r a c t e r i s t i c s  of t h e  a i r p l a n e  c o n f i g u r a -  
t i o n  could  a p p r e c i a b l y  a f f e c t  t h e  s p i n  and recovery c h a r a c t e r i s t i c s .  It w a s  con- 
c luded  i n  r e f e r e n c e  7 t h a t  t h e  " t a i l  d e s i g n  c r i t e r i o n  f o r  l i g h t  a i r p l a n e s ,  which u s e s  



t h e  t a i l  damping power f a c t o r  (TDPF) as a pa rame te r ,  canno t  be used  t o  p r e d i c t  s p i n -  
r ecove ry  c h a r a c t e r i s t i c s .  However, c e r t a i n  p r i n c i p l e s  implici t  i n  t he  c r i t e r i o n  a re  
s t i l l  v a l i d  and should  be c o n s i d e r e d  when d e s i g n i n g  a t a i l  c o n f i g u r a t i o n  f o r  s p i n  
r ecove ry .  It is impor t an t  t o  p r o v i d e  as much damping t o  t h e  s p i n  as p o s s i b l e  ( a r e a  
under  t h e  h o r i z o n t a l  t a i l )  , and i t  is e s p e c i a l l y  i m p o r t a n t  t o  p r o v i d e  as much exposed 
rudde r  a r e a  a t  s p i n n i n g  a t t i t u d e s  as p o s s i b l e  ( u n s h i e l d e d  rudde r  volume c o e f f i c i e n t  
( U R V C ) )  i n  o rder  t o  p rov ide  a l a r g e  a n t i s p i n  yawing moment f o r  recovery ."  

To v a l i d a t e  t h e  model tes t  r e s u l t s  r e p o r t e d  i n  r e f e r e n c e  7, a n  a i r p l a n e  w a s  mod- 
i f i e d  t o  accommodate t a i l  c o n f i g u r a t i o n s  selected Erom t h o s e  t e s t e d  on t h e  model, and 
f l i g h t  tests were conducted t o  de t e rmine  t h e  s p i n  and r ecove ry  c h a r a c t e r i s t i c s .  Th i s  
r e p o r t  presents r e s u l t s  f o r  f l i g h t  tests of t h e  low-wing a i rplane w i t h  f o u r  i n t e r -  
changeable  t a i l s .  S t a l l ,  i n c i p i e n t  s p i n ,  deve loped  s p i n ,  and r ecove ry  c h a r a c t e r i s -  
t i c s  are p resen ted ,  i n c l u d i n g  t h e  e f f e c t s  of mass d i s t r i b u t i o n ,  cen te r -o f  - g r a v i t y  
p o s i t i o n ,  and c o n t r o l  i n p u t s .  R e s u l t s  from r e l a t e d  model t e s t s  are p r e s e n t e d  i n  
r e f e r e n c e s  7 t o  9. This  r e p o r t  is p r i m a r i l y  a p r e s e n t a t i o n  of € l i g h t - t e s t  r e s u l t s ;  
however, a b r i e f  comparison of a i r p l a n e  and model s p i n  c h a r a c t e r i s t i c s  i s  i n c l u d e d .  
(See  a l s o  r e f .  10.) Although it was n o t  a v a r i a b l e  f o r  t h e  tests r e p o r t e d  h e r e i n ,  
wing Leading-edge d e s i g n  can have a s t r o n g  eEEect on a i r p l a n e  s t a l l / s p i n  c h a r a c t e r i s -  
t ics ,  as shown i n  r e f e r e n c e s  2 and 11 .  

SYMBOLS AND ABBREVIATIONS 

Measurements are reEer red  t o  t h e  s e t  of body axes  wi th  t h e  o r i g i n  a t  t h e  a i r -  
p l a n e  c e n t e r  o€  g r a v i t y ,  as shown i n  f i g u r e  1. Measurements were made and q u a n t i t i e s  
are p r e s e n t e d  i n  U.S. Customary U n i t s .  Symbols i n  p a r e n t h e s e s  re fe r  t o  l a b e l s  on 
computer gene ra t ed  f i g u r e s .  

a N 

b 

- 
C 

cog0 

FS 

g 

- -  

(Nom1 ACC) normal a c c e l e r a t i o n  a t  center of g r a v i t y  ( p o s i t i v e  i n  n e g a t i v e  
Zb d i r e c t i o n ) ,  g u n i t s  

(ALTITUDE) pressure a l t i t u d e ,  E t  

wing span,  €t 

mean aerodynamic chord ,  f t  

- 
c e n t e r - o f - g r a v i t y  l o c a t i o n ,  p e r c e n t  c 

f u s e l a g e  s t a t i o n ,  l o n g i t u d i n a l  c o o r d i n a t e  measured a l o n g  a 
wa te r  l i n e ,  p o s i t i v e  moving a f t  (wing l e a d i n g  edge is a t  
FS 68.031, i n .  

2 a c c e l e r a t i o n  due t o  g r a v i t y ,  32.2 f t / s e c  

moment of i n e r t i a  a b o u t  Xb, Yb, and Zb  body a x i s ,  respec- 
2 t i v e l y ,  s l u g - f t  

Ix - I Y  i n e r t i a  yawing-moment pa rame te r ,  

d i s t a n c e  from c e n t e r  of g r a v i t y  of a i r p l a n e  t o  c e n t r o i d  o f  
mb 

f u s e l a g e  a r e a  SF, f t  (see f i g .  5 )  
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d i s t a n c e  from c e n t e r  of g r a v i t y  of airplane t o  c e n t r o i d  of 
rudder  area SR1, f t  ( s ee  f i g .  5 )  

d i s t a n c e  from c e n t e r  of g r a v i t y  of a i rplane t o  c e n t r o i d  of 
rudde r  area SR2, f t  ( see  f i g .  5 )  

l a t e r a l  a c c e l e r a t i o n  a t  c e n t e r  of g r a v i t y  ( p o s i t i v e  i n  p o s i t i v e  
Yb d i r e c t i o n ) ,  g u n i t s  

l a t e r a l  wheel f o r c e  ( p o s i t i v e  f o r  f o r c e s  t e n d i n g  t o  r o t a t e  
wheel c l o c k w i s e ) ,  lb 

l o n g i t u d i n a l  a c c e l e r a t i o n  a t  center of g r a v i t y  ( p o s i t i v e  i n  
p o s i t i v e  \ d i r e c t i o n ) ,  g u n i t s  

l o n g i t u d i n a l  wheel f o r c e  ( p o s i t i v e  f o r  f o r c e s  t e n d i n g  t o  p u l l  
wheel a f t ) ,  lb 

mass of a i r p l a n e ,  s l u g s  

engine  manifold p r e s s u r e ,  i n .  Hg 

r o l l  rate ( p o s i t i v e  f o r  r i g h t  wing down), deg/sec  

p r o p e l l e r  and engine  speed, rpm 

p i t c h  ra te  ( p o s i t i v e  f o r  nose  u p ) ,  deg/sec  

yaw rate  ( p o s i t i v e  f o r  nose r i g h t ) ,  deg/sec  

I ft s p i n  r a d i u s ,  approximate ly  9 
~2 t a n  a 

ra te  of s i n k ,  f t / s e c  

r e s u l t a n t  l i n e a r  a c c e l e r a t i o n ,  
+ NORM A C C ~ ) ' / ~ ,  g u n i t s  

2 (LONG A C C ~  + LAT ACC 

rudde r  p e d a l  f o r c e  ( p o s i t i v e  f o r  f o r c e s  t end ing  t o  push r i g h t  
p e d a l  f o r w a r d ) ,  lb 

wing area, f t L  

f u s e l a g e  s i d e  area under h o r i z o n t a l  t a i l ,  f t  (see f i g .  5 )  

unsh ie lded  rudder  a r e a  above h o r i z o n t a l  t a i l ,  f t 2  (see f i g .  5 )  

2 

unsh ie lded  rudder  a r e a  below h o r i z o n t a l  t a i l ,  f t L  ( s e e  f i g .  5 )  

, s e c  
360' 

p e r i o d  of s p i n ,  approximately - n 
t a i l  damping power f a c t o r  (see f i g .  5 )  

t a i l  damping r a t i o  ( s e e  f i g .  5) 
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velocity component i n  xb, yb, and zb d i rec t ion ,  respec- 
t ive ly ,  f t / s e c  (see f ig .  1)  

unshielded rudder volume coef f ic ien t  (see f ig .  5 )  

t rue airspeed, f t / s e c  (see f i g .  1 )  

water l ine ,  v e r t i c a l  coordinate i n  a i rplane plane of symmetry 
measured perpendicular t o  reference l i n e  (reference l i n e  i s  
WL 45.00 and passes through propel ler  center  l i n e ) ,  i n .  

body axes through airplane c.g. (see f i g .  1 )  

distance rearward from leading edge o€ mean aerodynamic chord 
t o  center of gravity,  f t  

distance between center of gravity and fuselage center  l i n e  
(pos i t ive  when center of gravi ty  i s  r i g h t  of center l i n e ) ,  f t  

distance between center of gravity and fuselage reference l i n e  
(pos i t ive  when center of gravity is  below l i n e ) ,  f t  

t rue angle of a t tack a t  airplane center of gravi ty ,  deg (see 
f i g .  1 )  

angle between fuselage reference l i n e  and r e l a t i v e  wind 
(approximately equal t o  absolute value of angle of a t tack 
a t  plane OE symmetry), deg 

measured angle of a t tack a t  instrumentation boom, deg 

t rue angle of a t tack a t  instrumentation boom, deg 

angle of s i d e s l i p  a t  a i rplane center of gravi ty ,  deg (see 
f ig .  1 )  

measured angle of s i d e s l i p  a t  instrumentation boom, deg 

t rue angle of s i d e s l i p  a t  instrumentation boom, deg 

average ai leron def lect ion (pos i t ive  for  r i g h t  a i leron t r a i l i n g  
1 
2 edge down), - (Right a i leron def lect ion + L e f t  a i leron 

d e f l e c t i o n ) ,  deg (see f ig .  1 )  

elevator def lect ion (pos i t ive  f o r  t r a i l i n g  edge down), deg ( see  
f ig .  1 )  

rudder def lect ion (pos i t ive  f o r  t r a i l i n g  edge l e f t ) ,  deg ( see  
f i g .  1 )  

bank angle (pos i t ive  f o r  r i g h t  wing down), deg 

airplane r e l a t i v e  density c o e f f i c i e n t ,  - 
3 a i r  density,  s l u g s / f t  

m 
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n (TURN RATE) t o t a l  a n g u l a r  v e l o c i t y  of a i r p l a n e ,  ( p 2  + q2 + r2)1/2 wi th  
s i g n  of r, deg/sec 

DESCRIPTION OF AIRPLANE 

B a s e l i n e  Conf igu ra t ion  

The t e s t  a i r p l a n e  w a s  a two-place, s ing le -eng ine ,  low-wing, f i x e d - g e a r  des ign .  
This  a i r p l a n e  w a s  a one-of-a-kind r e s e a r c h  a i r p l a n e ,  b u t  w a s  c o n s i d e r e d  r e p r e s e n t a -  
t i v e  of t h i s  class of aircraEt. A photograph  and three-v iew drawing of t h e  b a s e l i n e  
c o n f i g u r a t i o n  are p r e s e n t e d  as f i g u r e s  2 and 3, r e s p e c t i v e l y .  The wing i n c o r p o r a t e d  
a n  NACA 642-415 a i r f o i l  s e c t i o n  (modi f ied  t o  remove lower-sur face  r e f l e x  n e a r  t h e  
t r a i l i n g  edge )  and had p l a i n  f l a p s  and a i l e r o n s .  The b a s e l i n e  c o n f i g u r a t i o n ,  re- 
f e r r e d  t o  as t a i l  4, had a l o w ,  af t -mounted h o r i z o n t a l  t a i l ,  and t h e  rudde r  ex tended  
from t h e  t o p  of t h e  v e r t i c a l  t a i l  t o  t h e  top of t h e  f u s e l a g e .  E l e v a t o r ,  rudde r ,  and 
a i l e r o n  t r i m  cou ld  n o t  be v a r i e d  i n  f l i g h t .  Brackets  f o r  adding  b a l l a s t  a t  t h e  wing 
t i p s  and a t  t h e  f i r e w a l l  enabled  v a r i a t i o n  of a i r p l a n e  mass and moments of i n e r t i a  
w h i l e  m a i n t a i n i n g  a f i x e d  c e n t e r - o f - g r a v i t y  p o s i t i o n .  Fue l  was c a r r i e d  i n  a 
10-ga l lon  t ank  mounted i n  t h e  c o c k p i t  near t h e  a i r p l a n e  c e n t e r  of g r a v i t y  t o  reduce  
f u e l  movement d u r i n g  s p i n s .  The a i r p l a n e  w a s  equipped w i t h  a sp in - reeovz ry  p a r a c h u t e  
sys tem ( r e f .  1 2 ) ,  t h e  s i z e  of which was based on tests i n  t h e  Langley Spin  Tunnel 
( r e f .  1 3 ) .  B a s e l i n e  a i r p l a n e  c h a r a c t e r i s t i c s  a r e  p r e s e n t e d  i n  t a b l e  1 .  

T a i l  C o n f i g u r a t i o n s  

To s t u d y  t h e  e f f e c t  of t a i l  c o n f i g u r a t i o n  on s t a l l ,  s p i n ,  and r ecove ry  cha rac -  
t e r i s t i c s ,  t h e  h o r i z o n t a l  t a i l  w a s  r e l o c a t e d  and t h e  rudde r  l e n g t h  w a s  changed t o  
produce  t h e  f o u r  t a i l  a r rangements  shown i n  f i g u r e  4. The t a i l  c o n f i g u r a t i o n s  were 
s e l e c t e d  based on s p i n - t u n n e l  tests of n i n e  d i € f e r e n t  t a i l s  on a model of t h e  t e s t  
a i r p l a n e .  T a i l  c o n f i g u r a t i o n s  2, 3, 4, and 6 ( t h e  i d e n t i f i c a t i o n  numbers used  i n  t h e  
model tests of r e f e r e n c e  7 are used h e r e i n )  were chosen because  they  were thought  t o  
b e  t y p i c a l  of  c u r r e n t  p r o d u c t i o n  d e s i g n s ,  because t h e y  were t h e  e a s i e s t  t o  implement 
on t h e  t es t  a i r p l a n e ,  and because model tests i n d i c a t e d  t h e y  would y i e l d  a wide r ange  
of s p i n  c h a r a c t e r i s t i c s .  

The v a r i o u s  t a i l  c o n f i g u r a t i o n s  c o n s i s t e d  of t h r e e  l o c a t i o n s  f o r  t h e  h o r i z o n t a l  
t a i l  and e i t h e r  a long  or a s h o r t  rudder .  Geometric c h a r a c t e r i s t i c s  of t h e  f o u r  
t a i l s  are g iven  i n  table 2. Both t a i l s  2 and 3 had t h e  h o r i z o n t a l  s t a b i l i z e r  mounted 
a t  t h e  top of t h e  f u s e l a g e .  T a i l  2 had a s h o r t  rudde r ;  t a i l  3 had a long  rudder .  
T a i l  4, t h e  b a s e l i n e  c o n f i g u r a t i o n ,  had a low, af t -mounted h o r i z o n t a l  t a i l  and a 
s h o r t  rudder .  T a i l  6 had t h e  h o r i z o n t a l  t a i l  mounted above t h e  f u s e l a g e  on t h e  v e r -  
t i c a l  s t a b i l i z e r  and had a long  rudder .  Hor i zon ta l  and v e r t i c a l  t a i l  i n c i d e n c e s  were 
k e p t  c o n s t a n t  a t  -3' and O o ,  r e s p e c t i v e l y .  

V a r i a t i o n  OE on ly  t h e  t a i l  c o n f i g u r a t i o n  p rov ided  an  o p p o r t u n i t y  t o  e v a l u a t e  t h e  
v a l i d i t y  of t h e  t a i l  damping power f a c t o r  (TDPF), a sp in - recove ry  d e s i g n  c r i t e r i o n  
p r e s e n t e d  by t h e  N a t i o n a l  Advisory Committee f o r  Aeronau t i c s  (NACA) i n  1947 and de- 
s c r i b e d  i n  r e f e r e n c e  14. The h i s t o r i c a l  development and t h e  method of c a l c u l a t i o n  
are  g iven  i n  reference 7. As shown i n  f i g u r e  5, TDPF is t h e  p r o d u c t  of t h e  t a i l  
damping r a t i o  (TOR) and t h e  unsh ie lded  rudder  volume c o e f f i c i e n t  (URVC).  The c r i -  
t e r i o n  assumes t h e  a i rplane s p i n  mode i s  a f u n c t i o n  of TDR and t h e  a i r p l a n e  s p i n -  
r ecove ry  c o n t r o l  power is a f u n c t i o n  of URVC; hence ,  t h e  o v e r a l l  sp in - r ecove ry  c h a r -  
ac te r i s t ics  are expec ted  to be a f u n c t i o n  of TDPF. A wide range of t a i l  damping 
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charac te r i s t ics  for  the t e s t  a i rplane was obtained w i t h  the four t a i l  conEigurations, 
as shown i n  table 3. The TDPF oE each of the four t a i l s  i s  p lo t ted  i n  f igure 6 
against  the i n e r t i a  yawing-moment parameter ( I Y M P )  values tes ted t o  r e l a t e  these 
designs t o  the 1947 NACA design guideline €or s a t i s f a c t o r y  spin recovery. 

Plass Distr ibut ion 

To investigate the ef Eect of t a i l  configuration alone, the mass c h a r a c t e r i s t i c s  
of the airplane were careful ly  controlled and a r e  l i s t e d  i n  t a b l e  4. For the base- 
l i n e  loading tes ted,  the overal l  weight of the airplane a t  t e s t  a l t i t u d e  varied from 
1530 t o  1538 lb, which was s l i g h t l y  above the normal gross weight l i m i t  of the a i r -  
plane. The center-of-gravity posi t ion was nominally 26 percent of the mean aerody- 
namic chord (0.26;); the normal a f t  center-of-gravity l i m i t  f o r  the t e s t  a i rplane is  
2 7  percent OE the mean aerodynamic chord (0.27;), as shown i n  f igure  7. Considering 
the  equations of motion for  a r i g i d  body, important mass c h a r a c t e r i s t i c s  f o r  spin 
recovery a r e  the I Y M P  and the airplane r e l a t i v e  density c o e f f i c i e n t  u .  The IYMP w a s  
maintained a t  about -50 X p varied from about 9.7 a t  an a l t i t u d e  of 5000 f t  
t o  11 .3  a t  an a l t i t u d e  of 10  000 f t .  

To determine the e f f e c t s  of varying mass d i s t r i b u t i o n  on spin and recovery char- 
a c t e r i s t i c s ,  additional t e s t s  were performed with t a i l s  2, 3, and 4 a t  I Y M P  values of 
0 and 50 x Ballast  was added t o  make the airplane neutral ly  loaded (IYMP = 0 )  
and wing heavy (1Y:lP = 50 x 
Gross weight and r e l a t i v e  density p were increased s l i g h t l y  by the b a l l a s t  addi- 
tion. These airplane loadings a r e  a l s o  presented i n  t a b l e  4. The combinations of 
TDPF and IYMP tes ted a re  displayed graphically i n  f igure 6 along with the c r i t e r i o n  
boundaries for spin recovery f o r  p = 1 1 .  

while maintaining the center  of gravi ty  a t  0.26;. 

Center of Gravity 

A f t  movement of the center of gravi ty  normally enables an airplane t o  penetrate  
the s t a l l  more deeply and therefore  can be detrimental  t.3 spin c h a r a c t e r i s t i c s .  To 
s t u d y  the e f fec t  of center-of-gravity location on spin and recovery c h a r a c t e r i s t i c s ,  
the baseline configuration ( t a i l  4 )  was tes ted a t  center-of-gravity posi t ions of 
0.26c t o  0.35;. It  was not possible t o  add s u f f i c i e n t  b a l l a s t  or t o  re locate  enough 
equipment t o  move the center of gravi ty  forward o€ 0.26;. 
-53 x t o  -61 x during these t e s t s  OE center-of-gravity e f f e c t s .  

The IYMP varied from 

INSTRUMENTATION 

The t e s t  airplane was instrumented t o  measure and record flow angles and t rue  
airspeed ahead of each wing t i p ,  l i n e a r  accelerat ions along the body axes, angular 
r a t e s  about the body axes, control  surface posi t ions,  control  wheel and rudder pedal 
Eorces, engine power parameters, a l t i t u d e ,  and spin-recovery parachute load. The 
onboard data system was supplemented by ground-based telephoto video and movie cam- 
eras  and by wing-tip and cockpit mounted movie cameras. P i l o t  comments were recorded 
on the ground videotape. A l l  data were time correlated and provided a continuous 
time h is tory  Erom spin entry through recovery. Data were telemetered t o  a ground 
s t a t i o n  and monitored i n  r e a l  t i m e  along with a video display of the spinning a i r -  
plane. For debrie€ing purposes, the videotape and telemetry records were reviewed 
shor t ly  a f t e r  each f l i g h t .  



L i n e a r  a c c e l e r a t i o n s  and f low measurements were c o r r e c t e d  t o  i n d i c a t e  c o n d i t i o n s  
a t  t h e  a i r p l a n e  center of g r a v i t y .  The measured v a l u e s  OE a n g l e  of a t t a c k  and a n g l e  
of s i d e s l i p  were c o r r e c t e d  € o r  upwash and s idevash  based on f low a n g l e  c o r r e c t i o n s  
de te rmined  from wind- tunnel  tests of f u l l - s c a l e  and small-scale models which d u p l i -  
c a t e d  t h e  f l i g h t - t e s t  i n s t r u m e n t a t i o n  boom i n s t a l l a t i o n  ( r e f .  1 5 ) .  The correction 
e q u a t i o n s  are a s  fo l lows :  

For  a m  < 53", 

aT = 0.8776 am + 0.0170 B, - 0.80 ( a t  l e f t  w.ing t i p )  

aT = 0.8776 am - 0.0170 B, - 0.80 ( a t  r i g h t  wing t i p )  

For am > 53", 

aT = G.8384 am - 9.9244 B, - 0.85 ( a t  l e f t  wing t i p )  

aT = 0.8984 am + 0.0244 8, - 0.85 ( a t  r i g h t  wing t i p )  

For a l l  am, 

B, = 0.9873 B m  - 0.0356 am - 0.11 ( a t  l e f t  wing t i p )  

6, = 0.9873 0, + 0.0956 am - 0.11 ( a t  r i g h t  wing t i p )  

D e t a i l e d  d e s c r i p t i o n s  of t h e  i n s t r u m e n t a t i o n  sys tem and t h e  d a t a  r e d u c t i o n  p rocedures  
can be found i n  r e f e r e n c e s  16  and 17. 

EVALUATION PKOC EDURE 

The r e s u l t s  of t h e  i n v e s t i g a t i o n  were based on p i l o t  comments, t i m e  h i s t o r y  
r e c o r d s  of a i r p l a n e  motions and c o n t r o l s ,  and f i l m s  and v i d e o t a p e s  of t h e  tests. All 
maneuvers were flown by t h e  same p i l o t ,  t h u s  minimizing d i f f e r e n c e s  i n  maneuvering 
caused  by v a r i a t i o n  i n  p i l o t  t echn ique .  

The i n i t i a l  f l i g h t  tests were conducted w i t h  t a i l  6, fo l lowed by tests w i t h  
t a i l s  2, 3, and 4 i n  t h a t  order. This  o r d e r  of t e s t i n g  cor responded t o  a p r o g r e s s i o n  
from t h e  most f a v o r a b l e  t o  t h e  least  f avorab le  s p i n  and r ecove ry  c h a r a c t e r i s t i c s  i n -  
d i c a t e d  by t h e  model tests of r e f e r e n c e  7. Ai rp lane  s t a l l  and d e p a r t u r e  c h a r a c t e r i s -  
t i c s  were e v a l u a t e d  w i t h  t a i l  6. Maneuvers inc luded  lg  and a c c e l e r a t e d  (banked)  
s t a l l s  w i t h  f l a p s  r e t r a c t e d  Eor v a r i o u s  combinat ions of eng ine  power, bank a n g l e ,  and 
s i d e s l i p  a n g l e ,  as shown i n  t a b l e  5. An a b b r e v i a t e d  series of s t a l l s  were performed 
wi th  t a i l s  2, 3, and 4. For each  t a i l  c o n f i g u r a t i o n ,  e l e v a t o r  e f f e c t i v e n e s s  w a s  
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de te rmined  from g r a d u a l  a i r s p e e d  a c c e l e r a t i o n - d e c e l e r a t i o n  maneuvers a t  l g  w i t h  i d l e  
power, and rudder e f f e c t i v e n e s s  was de termined  from s teady-heading  s i d e s l i p s  a t  
c o n s t a n t  a i r speed .  

The s p i n  tests were performed a t  t h e  NASA Wallops F l i g h t  F a c i L i t y .  The test  
a l t i t u d e s  ranged from 10 000 t o  5000 ft. Reynolds number (based  on c') a t  t h e  s t a l l  
w a s  about  2.5 X 10 . Spin  e n t r y  c o n d i t i o n s  inc luded  combina t ions  of a c c e l e r a t i o n ,  
r o l l ,  p i t c h ,  yaw, and power. C o n t r o l s  a n t i c i p a t e d  t o  be p r o s p i n  (i.e.,  i n  t h e  d i r e c -  
t i o n  of t h e  s p i n )  were a p p l i e d  a t  o r  j u s t  b e f o r e  t h e  s t a l l .  The c o n t r o l  p o s i t i o n s  a t  
e n t r y  were wheel back wi th  rudder  i n  t h e  d i r e c t i o n  of t h e  s p i n  or n e u t r a l  and a i l e -  
rons  e i t h e r  neutral  wi th  t h e  s p i n  ( r i g h t  wheel f o r  a r i g h t  s p i n ) ,  or a g a i n s t  t h e  s p i n  
( l e f t  wheel €or a r i g h t  s p i n ) .  A l l  s p i n s  were performed wi th  t h e  f l a p s  r e t r a c t e d .  
Sp ins  were allowed to  develop  f o r  1 , 3, 6, and, i n  some i n s t a n c e s ,  10 o r  more t u r n s .  
Recovery c o n t r o l  i n p u t s  i n v e s t i g a t e d  inc luded  t h e  fo l lowing :  
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1 .  Normal r ecove ry  c o n t r o l s ,  d e f i n e d  as f u l l  a n t i s p i n  rudde r  fo l lowed  by f u l l  
t r a i  ling-edge-down e l e v a t o r  w i th  a i l e r o n s  n e u t r a l i z e d  

2. Simultaneous recovery  c o n t r o l s  , d e f i n e d  as s imul t aneous  a p p l i c a t i o n  of f u l l  
a n t i s p i n  rudder and f u l l  t ra i l ing-edge-down e l e v a t o r  w i t h  a i l e r o n s  n e u t r a l i z e d  

3.  Rudder only ,  d e f i n e d  as f u l l  a n t i s p i n  rudde r  a l o n e  

4. Neut ra l  recovery  c o n t r o l s ,  d e f i n e d  as n e u t r a l i z e d  rudde r ,  e l e v a t o r ,  and 
a i l e r o n s  

5 .  Eleva to r  on ly ,  d e f i n e d  as f u l l  t ra i l ing-edge-down e l e v a t o r  wi th  p r o s p i n  rud- 
d e r  and a i l e r o n  d e f l e c t i o n s  ma in ta ined  

For each major c o n f i g u r a t i o n  change, s p i n s  were conducted  t o  bo th  t h e  l e f t  and 
r i g h t ;  t h e  most c r i t i c a l  ( f a s t e r ,  f l a t t e r ,  e tc . )  d i r e c t i o n  w a s  t h e n  used € o r  t h e  
remainder  of s p i n  tests i n  t h a t  c o n f i g u r a t i o n .  Sp ins  were performed w i t h  t h e  wing- 
t i p  cameras removed, t h e  wheel p a n t s  removed, and t h e  p r o p e l l e r  r o t a t i o n  s topped  t o  
assess p o s s i b l e  e f f e c t s  on a i r p l a n e  s p i n  and r ecove ry  c h a r a c t e r i s t i c s .  

RESULTS AND DISCUSSION 

Comparison of Ta i  1 E f f e c t i v e n e s s  

E l e v a t o r  e f E e c t i ve ne s s , as d e  t e r m i  ned from i d l e  -p owe r a c ce l e  r a t  i on -de ce l e  r a ti on 
maneuvers, and  rudder  e f f e c t i v e n e s s ,  as de te rmined  from s t eady-head ing  s i d e s l i p s  a t  
c o n s t a n t  a i r s p e e d  wi th  power on, are p r e s e n t e d  i n  f i g u r e s  8 and 9, r e s p e c t i v e l y ,  f o r  
t h e  f o u r  t a i l  c o n f i g u r a t i o n s .  For a g i v e n  a i r p l a n e  a n g l e  of a t t a c k ,  t a i l s  2 and 3 
c o n s i s t e n t l y  opera ted  wi th  more p o s i t i v e  ( t r a i l i n g  edge down) e l e v a t o r  d e f l e c t i o n  and 
t a i l  4 ope ra t ed  wi th  more n e g a t i v e  e l e v a t o r  d e f l e c t i o n  t h a n  t h e  o t h e r  t a i l s .  A t  
c ru ise  a n g l e s  of a t t a c k ,  t a i l  4 o p e r a t e d  wi th  t h e  e l e v a t o r  i n  a n e a r - n e u t r a l  p o s i -  
t i o n .  For t h e  c e n t e r - o f - g r a v i t y  p o s i t i o n  t e s t e d  (0 .26?) ,  a l l  f o u r  t a i l s  had more 
t h a n  s u f f i c i e n t  e l e v a t o r  d e f l e c t i o n  t o  f u l l y  s t a l l  t h e  a i r p l a n e .  With power on, 
approximate ly  5' of r i g h t  rudder  d e f l e c t i o n  w a s  needed t o  t r i m  t h e  a i r p l a n e  f o r  
s t r a i g h t  and l e v e l  f l i g h t  w i t h  z e r o  s i d e s l i p .  R e s u l t s  from tests of a fu l l - s ca l e  
model of t h e  s u b j e c t  a i r p l a n e  wi th  t a i l  4 i n  t h e  Langley 30- by 60-Foot Tunnel  
( r e f .  18) agree  w e l l  w i th  t h e  E l i g h t - t e s t  resul ts ,  as i n d i c a t e d  i n  f i g u r e s  8 and 9. 
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S t a l l  C h a r a c t e r i s t i c s  With B a s e l i n e  Loading 

I 

1 Table  6 p r e s e n t s  t h e  s t a l l  c h a r a c t e r i s t i c s  of t h e  a i r p l a n e  f o r  t a i l s  2, 3 ,  4, and 6. 
The a i r p l a n e  s t a l l  c h a r a c t e r i s t i c s  a r e  i l l u s t r a t e d  by means o€ t ime h i s t o r i e s  i n  

1 f i g u r e s  10 t o  15. 

The a i r p l a n e  s t a l l  c h a r a c t e r i s t i c s  wi th  t a i l  6 a r e  p r e s e n t e d  i n  t a b l e  5. 

1 s i d e s l i p  a n g l e s  a t  t h e  s t a l l  than t a i l s  2 and 4 and had more pronounced r o l l - o f f s  
w i th  s i d e s l i p  than  t a i l s  2 and 4. 

9 

The a i r p l a n e  wi th  t a i l  6 s t a l l e d  a t  an angle  of a t t a c k  of abou t  18O. For t h e  
b a s e l i n e  load ing  t e s t e d ,  slow d e c e l e r a t i o n  (1  mph/sec) t o  a l g ,  wings- leve l  s t a l l  a t  
i d l e  power wi th  f l a p s  r e t r a c t e d  produced a s t a l l  a t  an i n d i c a t e d  a i r s p e e d  of 72 mph 
and a t r a i l i n g - e d g e - u p  e l e v a t o r  d e f l e c t i o n  of about  8O wi th  t h e  rudder  c e n t e r e d .  
S t a l l  warning i n  t h e  Eorm of a l i g h t  b u f f e t i n g  preceded  t h e  s t a l l  a i r s p e e d  by abou t  
2 t o  3 mph and was judged t o  be inadequa te .  The a d d i t i o n  of maximum power reduced 
t h e  e l e v a t o r  d e € l e c t i o n  needed t o  s t a l l  t h e  a i r p l a n e  t o  abou t  4' t r a i l i n g  edge up and 
reduced both  t h e  warning and s t a l l  a i r s p e e d s  by abou t  4 mph. 

Idle-power s t a l l s  w i th  t a i l  6.- Slow d e c e l e r a t i o n  t o  a l g ,  w ings - l eve l  s t a l l  I with near -zero  s i d e s l i p  and wi th  t h e  c o n t r o l s  he ld  f i x e d  a t  t h e  s t a l l  ( f i g .  1 0 )  r e -  



When t h e  a i r p l a n e  w i t h  t a i l  6 w a s  s t a l l e d  a t  i d l e  power w i t h  f u l l  r i g h t  r u d d e r  
d e f l e c t i o n  ( l a r g e  n e g a t i v e  a n g l e  of s ides l ip  1 , t h e  p i l o t  s e n s e d  from t h e  e n s u i n g  
motion t h a t  the v e r t i c a l  t a i l  w a s  s t a l l i n g ,  an  u n d e s i r a b l e  c h a r a c t e r i s t i c  f o r  l i g h t  
a i r p l a n e s .  T a i l s  2, 3, and 4 d i d  n o t  e x h i b i t  any such tendency t o  lose d i r e c t i o n a l  
s t a b i  li t y  . 

S p i n  C h a r a c t e r i s t i c s  With B a s e l i n e  Loading 

The results are based on 385 sp ins  t o t a l l i n g  2540 t u r n s .  A t o t a l  of 398 s p i n s  
were a t tempted ,  b u t  i n  1 3  attempts t h e  a i rplane d i d  n o t  e n t e r  a s p i n .  The number of 
s p i n s  performed €or  each  t a i l  c o n f i g u r a t i o n  is  p r e s e n t e d  i n  table  7. Spin  c h a r a c t e r -  
i s t i c s  ranged from slow and steep t o  f a s t  and f l a t ,  as shown i n  f i g u r e  16. I n  some 
i n s t a n c e s ,  t h e  sp in- recovery  p a r a c h u t e  was r e q u i r e d  t o  r e c o v e r  the a i r p l a n e  from f l a t  
s p i n s .  

1 - t u r n  s p i n s  .- I n  t h e  United States ,  c e r t i f i c a t i o n  of g e n e r a l  a v i a t i o n  a i r p l a n e s  
i n  t h e  normal and u t i l i t y  c a t e g o r i e s  r e q u i r e s  t h e  demons t r a t ion  of  r e c o v e r y  from a 
1 - t u r n  s p i n  or from a 3-sec s p i n ,  whichever  t a k e s  l o n g e r ,  w i t h i n  1 a d d i t i o n a l  t u r n  
f o l l o w i n g  t h e  a p p l i c a t i o n  of recovery  c o n t r o l s  ( re f .  1 9 ) .  This  r equ i r emen t  is  i n -  
tended  to a d d r e s s  only  a i r p l a n e  c h a r a c t e r i s t i c s  i n  a n  abused s t a l l  c o n d i t i o n ,  t h a t  
is, when t h e  a i r p l a n e  is s t a l l e d  w i t h  c o n t r o l s  i n  a p r o s p i n  d i r e c t i o n  and c o r r e c t i v e  
c o n t r o l  i n p u t s  a r e  delayed.  Compliance w i t h  t h i s  s t a n d a r d  does n o t  c lear  a n  a i r p l a n e  
for  i n t e n t i o n a l  s p i n s .  

With t h i s  s t a n d a r d  i n  mind, 58 1- turn ,  idle-power sp ins  were s t u d i e d  t o  a d d r e s s  

Angle O E  a t t a c k  and t u r n  r a t e  a t  t h e  i n i t i a t i o n  of r e c o v e r y  from 
the abused s t a l l  and i n c i p i e n t  s p i n  € o r  t h e  a i r p l a n e  w i t h  t a i l s  2, 3, 4, and 6 a t  
IYMP = -50 x 10- . 
1- turn  s p i n s  a r e  p r e s e n t e d  i n  f i g u r e  16. R e p r e s e n t a t i v e  t i m e  h i s t o r i e s  of  1- turn  
s p i n s  are p r e s e n t e d  i n  f i g u r e s  17  t o  20  f o r  t h e  f o u r  t a i l  c o n f i g u r a t i o n s  t e s t e d .  
Using normal recovery c o n t r o l s ,  t h e  a i r p l a n e  always r ecove red  w i t h i n  t h e  1 - t u r n  
g u i d e l i n e .  
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The f i r s t  t u r n  f o l l o w i n g  a p p l i c a t i o n  of any combina t ion  of p r o s p i n  c o n t r o l s  
r e q u i r e d  from 3.4 t o  9.3 sec, w i t h  t h e  a v e r a g e  b e i n g  5.2 sec. A l t i t u d e  loss v a r i e d  
from 50 t o  450 f t ,  w i t h  t h e  a v e r a g e  b e i n g  210 f t .  I n  g e n e r a l ,  a 1 - t u r n  s p i n  t o  t h e  
r i g h t  took less time t h a n  t h e  same s p i n  t o  t h e  l e f t ;  however, l o o k i n g  a t  e a c h  s p i n  
i n d i v i d u a l l y ,  less t i m e  d i d  n o t  n e c e s s a r i l y  cor respond t o  less a l t i t u d e  loss. 

A l t i t u d e  lo s s  d u r i n g  r e c o v e r y  from a 1 - t u r n  s p i n  ranged from 200 t o  500 f t  and 
averaged  340 f t  when normal r e c o v e r y  c o n t r o l s  were used. Recovery took from 1.5 t o  
2.5 sec and averaged 1.9 sec. 

Fol lowing recovery  from a s p i n ,  t h e  a i r p l a n e  e n t e r e d  a d i v e .  The a l t i t u d e  l o s t  
i n  t h e  d i v e  was dependent  upon how a b r u p t l y  t h e  p i l o t  p u l l e d  t h e  a i r p l a n e  o u t  of t h e  
d i v e .  An abrupt p u l l o u t ,  l i m i t e d  by t h e  a i r p l a n e  maximum p o s i t i v e  l o a d  fac tor  of 
3.8, r e s u l t e d  i n  less loss of a l t i t u d e  t h a n  a more g e n t l e  p u l l o u t ,  l i m i t e d  by t h e  
a i r p l a n e  never-exceed speed  of 195  mph. I n  a sample of 57 r e c o v e r y  d i v e s ,  performed 
w i t h i n  t h e s e  l i m i t a t i o n s  f o l l o w i n g  r ecove ry  from 1 - t u r n  s p i n s ,  a l t i t u d e  loss ranged  
from 200 t o  1150 f t  and averaged  550 f t .  The d u r a t i o n  of  t h e  d i v e s  ranged from 1.7 
t o  6.5 sec and averaged 4.3 sec. 

Taken as a whole, from s t a l l  th rough i n c i p i e n t  s p i n ,  r e c o v e r y ,  and p u l l o u t  t o  
l e v e l  f l i g h t ,  a 1- turn  s p i n  c o u l d  r e q u i r e  from 450 t o  2100 f t  o f  a l t i t u d e  and l a s t  
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f rom 6.6 t o  18.3 sec. An average  1 - tu rn  s p i n  could  be expec ted  t o  r e s u l t  i n  a cumu- 
l a t i v e  loss  of 1100 f t  and l a s t  11.4 sec. Therefore ,  a s t a l l  fo l lowed by d e p a r t u r e  
i n t o  a n  i n c i p i e n t  s p i n  a t  a t y p i c a l  a i r p o r t  t r a f f i c  p a t t e r n  a l t i t u d e  of 800 t o  
1000 f t  above ground l e v e l  would r e q u i r e  prompt and  p rope r  a c t i o n  by t h e  p i l o t  t o  
r e c o v e r  b e f o r e  ground impact. 

leEt  s p i n s  were s t e e p e r  ( abou t  2 O  t o  5 O  lower a n g l e  of a t t a c k )  t h a n  r i g h t  s p i n s  f o r  
t a i l s  2 and 4; r i g h t  s p i n s  were steeper than  l e f t  s p i n s  € o r  t a i l  6. Changes i n  TDR, 
URVC, and TDPF d i d  n o t  produce c o n s i s t e n t  changes i n  s p i n  a n g l e  of a t t a c k  or i n  s p i n  
rate. Angle o€ a t t a c k  i n c r e a s e d  wi th  inc reased  yaw rate  of t h e  f u l l y  deve loped  s p i n .  

F u l l y  deve loped  s p i n s . -  Table  8 summarizes characterist ics of r e p r e s e n t a t i v e  
f u l l y  deve loped  s p i n s  as a f u n c t i o n  of a i l e r o n  d e f l e c t i o n  f o r  t h e  f o u r  t a i l  c o n f i g u -  
r a t i o n s  t e s t e d  a t  F igu res  17 t o  21 p r e s e n t  t i m e  h i s t o r i e s  of 
r e p r e s e n t a t i v e  idle-power,  a i l e r o n s - n e u t r a l  sp ins  f o r  t h e  f o u r  t a i l s  t e s t e d .  The 
s p i n  u s u a l l y  became f u l l y  developed a f t e r  about  4 t o  5 t u r n s .  

IYMP = -50 x loe4. 

I n  g e n e r a l ,  d e f l e c t i n g  t h e  a i l e r o n s  wi th  t h e  s p i n  ( r o l l i n g  i n  t h e  d i r e c t i o n  of 
t h e  s p i n )  tended  t o  s t e e p e n  t h e  s p i n  ( r educe  ang le  of a t t a c k ) ,  reduce  t h e  yaw ra te ,  
and i n c r e a s e  t h e  magnitude of t h e  o s c i l l a t i o n s  i n  r o l l  r a t e  and i n  p i t c h  ra te ;  de-  
f l e c t i n g  t h e  a i l e r o n s  a g a i n s t  t h e  s p i n  ( r o l l i n g  a g a i n s t  t h e  d i r e c t i o n  of t h e  s p i n )  
tended  t o  f l a t t e n  t h e  s p i n  ( i n c r e a s e  a n g l e  O E  a t t a c k ) ,  i n c r e a s e  t h e  yaw r a t e ,  and 
reduce  t h e  o s c i l l a t i o n s  i n  r o l l  ra te  and i n  p i t c h  ra te .  D e f l e c t i n g  t h e  a i lerons wi th  
t h e  s p i n  r e s u l t e d  i n  a s l i p p i n g  r o t a t i o n  ( p o s i t i v e  s i d e s l i p  i n  a r i g h t  s p i n ) ;  de-  
f l e c t i n g  t h e  a i l e r o n s  a g a i n s t  t h e  s p i n  r e s u l t e d  i n  a s k i d d i n g  r o t a t i o n  ( n e g a t i v e  
s i d e s l i p  i n  a r i g h t  s p i n ) .  
f i g u r e  22. 

These e f f e c t s  of a i l e r o n  d e f l e c t i o n  are shown i n  

C o n s i s t e n t  w i t h  t h e  r o l l - o f f  and a u t o r o t a t i v e  t e n d e n c i e s  i d e n t i f i e d  d u r i n g  t h e  
s t a l l  i n v e s t i g a t i o n ,  t h e  a i r p l a n e  wi th  t a i l  6 e n t e r e d  a l e f t  s p i n  when f u l l  a f t  con-  
t r o l  wheel w a s  a p p l i e d  and h e l d  a t  i d l e  power w i t h  a i l e r o n s  and r u d d e r  n e u t r a l i z e d ,  
as shown i n  f i g u r e  23. The s p i n  w a s  a s l i p p i n g  r o t a t i o n  a t  a b o u t  a = 33O, w i t h  
B = -7O +, 70. 

The s t e a d y  s p i n  of t h e  a i r p l a n e  wi th  t a i l  4 was n o t  n o t i c e a b l y  a f f e c t e d  by e n t r y  
c o n d i t i o n s  or power l e v e l .  F igu re  24 i l l u s t r a t e s  e n t r y  i n t o  a l e f t  s p i n  from a 
maximum-power s t a l l  w i t h  14O of l e f t  s i d e s l i p .  Fol lowing  t h e  a p p l i c a t i o n  of p r o s p i n  
c o n t r o l s ,  t h e  a n g l e  of a t t a c k  i n c r e a s e d  t o  the  f u l l y  developed s p i n  va lue  more 
q u i c k l y  t h a n  d u r i n g  id le -power  e n t r i e s  from coord ina ted  s ta l ls .  Once t h e  a i r p l a n e  
w a s  i n  t h e  s p i n ,  t h e  eng ine  l o s t  power even though a maximum-power t h r o t t l e  s e t t i n g  
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w a s  maintained throughout  t h e  s p i n .  I n  f l a t  s p i n s ,  t h e  e n g i n e  s topped  and t h e  pro- 
pel ler  s topped  t u r n i n g ,  as shown i n  f i g u r e  21. 

F i g u r e  16 p r e s e n t s  t h e  a i r p l a n e  a n g l e  of a t t a c k  and t u r n  rate a t  t h e  i n s t a n t  
t h a t  recovery  c o n t r o l s  were applied f o r  all t h e  s p i n s  a t  t h e  b a s e l i n e  l o a d i n g  condi -  
t i o n s  of tab le  4 (Imp = -50 x and c.g. a t  0.26 ; ) .  A t  t h e  1- turn  p o i n t ,  t h e  
a n g l e  of a t t a c k  w a s  40' or less and t y p i c a l l y  w a s  between 25' t o  35'. A t  t h e  6- turn 
p o i n t  of the s p i n  and beyond, a n g l e  o t  a t t a c k  was u s u a l l y  above 40'. The r a n g e s  of  
a n g l e s  of a t t a c k  and t u r n  rates i n  t h e  f u l l y  deve loped  s p i n s  ref lect  t h e  e f f e c t s  of  
v a r y i n g  a i l e r o n  and e l e v a t o r  d e f l e c t i o n s .  

Recovery Characteristics With B a s e l i n e  Loading 

The a i r p l a n e  sp in- recovery  c h a r a c t e r i s t i c s  w e r e  i n v e s t i g a t e d  for  f i v e  d i f f e r e n t  
a n t i s p i n  c o n t r o l  i n p u t s :  

1 .  Normal recovery  c o n t r o l s ,  d e f i n e d  as f u l l  a n t i s p i n  r u d d e r  fo l lowed by f u l l  
t ra i l ing-edge-down e l e v a t o r  w i t h  a i l e r o n s  n e u t r a l i z e d  

2. Simultaneous recovery  c o n t r o l s ,  d e f i n e d  as  s imul t aneous  a p p l i c a t i o n  of f u l l  
a n t i s p i n  rudder  and f u l l  t ra i l ing-edge-down e l e v a t o r  w i t h  a i l e r o n s  n e u t r a l i z e d  

3. Rudder on ly ,  d e f i n e d  as E u l l  a n t i s p i n  r u d d e r  a l o n e  

4. N e u t r a l  recovery  c o n t r o l s ,  de€ ined  as n e u t r a l i z e d  r u d d e r ,  e l e v a t o r ,  and 
a i l e r o n s  

5. E l e v a t o r  on ly ,  d e f i n e d  as f u l l  t ra i l ing-edge-down e l e v a t o r  w i t h  p r o s p i n  rud-  
der and a i l e r o n  d e f l e c t i o n s  ma in ta ined  

If  t h e  a n t i s p i n  c o n t r o l  i n p u t  d i d  n o t  s top  t h e  s p i n ,  t h e  c o n t r o l s  were r e t u r n e d  t o  
t h e  p r o s p i n  p o s i t i o n  and then  normal r e c o v e r y  c o n t r o l s  were a p p l i e d .  

Recovery c o n t r o l s  were e v a l u a t e d  f o r  t h e i r  a b i l i t y  t o  s top  s p i n s  a t  i d l e  power 
w i t h  f laps  r e t r a c t e d  and a i l e r o n s  n e u t r a l ,  w i t h  t h e  s p i n ,  and a g a i n s t  t h e  s p i n .  R e -  
covery  c o n t r o l  i n p u t s  were a p p l i e d  i n  l e f t  and r i g h t  s p i n s  a t  t h e  1-, 3-, and 6- turn 
p o i n t s .  The s p i n  w a s  cons ide red  t o  have s topped  when t h e  yaw ra te  w a s  reduced t o  
zero .  The number of t u r n s  r e q u i r e d  f o r  r ecove ry  from idle-power s p i n s  w i t h  f l a p s  
retracted i s  p r e s e n t e d  i n  table  9 f o r  t h e  f o u r  t a i l  c o n f i g u r a t i o n s .  

For  the moderate s p i n  modes, t a i l  4 g e n e r a l l y  produced c o n s i s t e n t l y  f a s t e r  re- 
c o v e r i e s  t h a n  t h e  o t h e r  t a i l  c o n f i g u r a t i o n s .  A l l  f o u r  t a i l  c o n f i g u r a t i o n s  produced 
r e c o v e r i e s  from 1 - t u r n  s p i n s  t h a t  would meet t h e  c u r r e n t  sp in - recove ry  r equ i r emen t s  
f o r  normal and u t i l i t y  c a t e g o r y  a i r p l a n e s  as d e f i n e d  i n  t h e  F e d e r a l  Av ia t ion  Regula- 
t i o n s  ( r e f .  19) .  That  is, u s i n g  normal r ecove ry  c o n t r o l s ,  t h e  p i l o t  c o u l d  t e r m i n a t e  
1 - t u r n  s p i n s  w i t h i n  1 t u r n  f o l l o w i n g  t h e  a p p l i c a t i o n  of r ecove ry  c o n t r o l s .  

For  a l l  four  t a i l s ,  normal r e c o v e r y  c o n t r o l s  provided t h e  q u i c k e s t  recovery .  
The steeper s p i n s  g e n e r a t e d  by a i l e r o n s  h e l d  w i t h  t h e  s p i n  t ended  to  qu icken  t h e  re- 
covery.  The € l a t t e r  spins g e n e r a t e d  by a i l e r o n s  h e l d  a g a i n s t  t h e  s p i n  tended  t o  s l o w  
t h e  recovery .  F i g u r e  25 p r e s e n t s  t h e  r ecove ry  t i m e  as a f u n c t i o n  of t h e  number of 
t u r n s  r e q u i r e d  t o  r e c o v e r  from idle-power s p i n s  through u s e  of  normal r ecove ry  con- 
t r o l s  f o r  t h e  f o u r  t a i l s .  Because a l i n e a r  r e l a t i o n s h i p  appears t o  e x i s t  between 
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time required Eor r e c o v e r y  and number of t u r n s  required €OK r e c o v e r y  fo r  t h i s  a i r -  
p l a n e ,  e i t h e r  can be used  as a gauge of recovery c h a r a c t e r i s t i c s .  This i s  c o n s i s t e n t  
w i t h  r e s u l t s  OE tests of t h e  T - t a i l  l i g h t  a i r p l a n e  of r e f e r e n c e  5. 

S imul taneous  r ecove ry  c o n t r o l s  were p r a c t i c a l l y  as e f f e c t i v e  as normal r e c o v e r y  
c o n t r o l s .  

For  t a i l s  2, 3, and 6, when s p i n  recovery w a s  attempted by r e v e r s i n g  t h e  rudder 
a l o n e ,  t h e  a i r p l a n e  would r e c o v e r  from l e € t  s p i n s  b u t  n o t  €rom r i g h t  s p i n s .  Follow- 
i n g  t h e  a p p l i c a t i o n  of a n t i s p i n  r u d d e r  a l o n e  i n  a r i g h t  s p i n ,  the  a i r p l a n e  t r a n s i -  
t i o n e d  t o  a s t e e p  s p i n  a t  about  a = 20' ( f i g .  26 f o r  6, = -27'). I n  cases where a 
rudder -only  r ecove ry  c o n t r o l  i n p u t  was i n e f f e c t i v e  i n  t e r m i n a t i n g  t h e  s p i n ,  r e d u c i n g  
the elevator d e f l e c t i o n  t o  about  -19' r e s u l t e d  i n  r ecove ry  ( f i g .  26). The a i r f r a m e  
w a s  checked f o r  asymmetr ies ,  b u t  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  l e f t  s i d e  and 
the r i g h t  s i d e  w a s  found. To check f o r  propeller slipstream e f f e c t s ,  a 6- turn s p i n  
w a s  performed w i t h  t h e  propeller s topped.  No changes were no ted  i n  t h e  s p i n  or 
r e c o v e r y  c h a r a c t e r i s t i c s .  A check of  rudder  t r a v e l  i n d i c a t e d  t h a t  maximum t r a i l i n g -  
e d g e - l e f t  d e f l e c t i o n  was 22' and maximum t r a i l i n g - e d g e - r i g h t  d e E l e c t i o n  w a s  26O. 

Ir! g e n e r a l ,  n e u t r a l  r e c o v e r y  c o n t r o l s  produced slower recoveries t h a n  e i t h e r  
normal  or s imul t aneous  recovery  c o n t r o l s .  

E leva tor -only  c o n t r o l  i n p u t  d i d  n o t  recover  t h e  a i r p l a n e  from f u l l y  deve loped  
s p i n s .  For t a i l  4, a t t e m p t i n g  a n  e l e v a t o r - o n l y  recovery  from a f u l l y  deve loped  s p i n  
( f i g .  27) r e s u l t e d  i n  a momentary r e d u c t i o n  i n  a n g l e  of  a t t a c k  and an  i n c r e a s e  i n  
r o l l  ra te ,  fo l lowed  by t r a n s i t i o n  t o  a h i g h e r  ang le -o f -a t t ack  s p i n  a t  a n  i n c r e a s e d  
yaw rate. For  t a i l  6, a t t e m p t i n g  an  e l e v a t o r - o n l y  r e c o v e r y  from a f u l l y  deve loped  
s p i n  reduced t h e  s p i n  a n g l e  of a t t a c k  a b o u t  11 percent, i n c r e a s e d  t h e  r o l l  ra te  a b o u t  
2% p e r c e n t ,  and i n c r e a s e d  t h e  yaw rate  a b o u t  5 percet-t. For  t a i l  2, a t t e m p t i n g  a n  
e l e v a t o r - o n l y  r ecove ry  reduced  t h e  s p i n  angle  of a t t a c k  a b o u t  % p e r c e n t ,  i n c r e a s e d  
t h e  r o l l  ra te  about 40 p e r c e n t ,  and i n c r e a s e d  the yaw r a t e  a b o u t  20 p e r c e n t .  For 
t a i l  3, a t t e m p t i n g  a n  e l e v a t o r - o n l y  recovery  reduced  t h e  s p i n  a n g l e  of a t t a c k  a b o u t  
4 p e r c e n t ,  i n c r e a s e d  t h e  r o l l  ra te  a b o u t  27 p e r c e n t ,  and i n c r e a s e d  t h e  yaw ra te  a b o u t  
21 p e r c e n t .  

R e l e a s i n g  t h e  c o n t r o l s  as a means of s p i n  r ecove ry  w a s  b r i e f l y  i n v e s t i g a t e d  €OK 

t h e  b a s e l i n e  c o n f i g u r a t i o n .  The c o n t r o l s  were released a t  t h e  comple t ion  of t h e  
t h i r d  t u r n  oE idle-power s p i n s  t o  t h e  r i g h t  with a i l e r o n s  n e u t r a l .  R e l e a s i n g  t h e  
c o n t r o l s  d i d  n o t  s top  t h e  s p i n .  The c o n t r o l s  f loa ted  t o  16' t r a i l i n g  edge up eleva- 
t o r ,  4 O  r i g h t  r u d d e r ,  and -4' r i g h t  a i l e r o n .  The a n g l e  of a t t a c k  of t h e  s p i n  i n i -  
t i a l l y  d e c r e a s e d  when t h e  c o n t r o l s  were r e l e a s e d  and t h e n  i n c r e a s e d  a g a i n  as t h e  
a i r p l a n e  spun back up toward t h e  moderate s p i n  mode. 

EfEect  o€ Changing Mass D i s t r i b u t i o n  

F o r  t h e  t a i l  c o n f i g u r a t i o n s  t e s t e d ,  making t h e  a i r p l a n e  more wing heavy (chang- 
i n g  from IYYP = -50 x t o  I ~ P  = 50 x d i d  n o t  a p p r e c i a b l y  change t h e  
s p i n  mode, as shown i n  f i g u r e  28. However, s p i n  r ecove ry  w a s  a fEec ted .  

Table  9 p r e s e n t s  t h e  t u r n s  r e q u i r e d  fo r  r ecove ry  Eor t h e  t a i l  c o n f i g u r a t i o n s  and 
mass l o a d i n g s  tested. Table  1 0  h i g h l i g h t s  the e f f e c t  of IYMP on t h e  a i r p l a n e  s p i n  
and r ecove ry  characterist ics Eor t a i l s  2, 3, and 4 f o r  a i l e r o n s  n e u t r a l ,  w i t h  t h e  
s p i n ,  and a g a i n s t  t h e  s p i n .  I n  g e n e r a l ,  as mass w a s  added t o  t h e  wings,  t h e  a i r p l a n e  
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r ecove red  more s lowly  from the s p i n ;  however, r e c o v e r i e s  u s i n g  normal r ecove ry  con- 
t r o l s  were aEEected very  l i t t l e  by the mass changes.  For t a i l s  2 and 3, n e u t r a l  and 
rudder -only  c o n t r o l  i n p u t s  became i n e f f e c t i v e  f o r  recovery  as t h e  a i r p l a n e  w a s  made 
wing heavy.  For t a i l  4, rudder -only  c o n t r o l  i n p u t  became i n e f f e c t i v e  €or r ecove r -  
i n g  t h e  a i r p l a n e  from r i g h t  s p i n s ,  as was t h e  case f o r  t a i l s  2, 3, and 6 a t  

4 IYYP = -50 x 10- . 
A s l i g h t  asymmetry i n  mass d i s t r i b u t i o n  made a marked d i f f e r e n c e  i n  t h e  s p i n  and 

recovery  c h a r a c t e r i s t i c s ,  as ev idenced  by tests wi th  t a i l  3 a t  IYf-1P = 0. Removing 
2 0  l b  from the l e f t  wing t i p  and add ing  i t  t o  t h e  r i g h t  wing t i p  ( r i g h t  wing 40 l b  
heavy)  d i d  not  change t h e  I Y M P ,  b u t  it produced a f l a t t e r ,  f a s t e r  s p i n  toward t h e  
l i g h t  wing (a = 59O and Cl = 170 d e g / s e c )  t h a n  toward t h e  heavy wing (a = 42O and 

R = 150 deg/sec)  and s i g n i f i c a n t l y  i n c r e a s e d  the  t u r n s  r e q u i r e d  f o r  recovery  ( 3  1/8 
t u r n s  ve r sus  1 1/8 t u r n s ) ,  a s  shown i n  f i g u r e  29. 

A s i m i l a r  test was perEormed wi th  t a i l  4 a t  I Y M P  = 0 and l e f t  wing 33 l b  
heavy. Spinning toward t h e  l i g h t  wing i n c r e a s e d  t h e  a n g l e  of a t t a c k  i n  t h e  f l a t  s p i n  
from 61° t o  g r e a t e r  t h a n  66' ( t h e  s p i n  a n g l e  of a t t a c k  exceeded t h e  i n s t r u m e n t a t i o n  
measurement c a p a b i l i t y )  and markedly i n c r e a s e d  t h e  a i r p l a n e  t u r n  ra te  from 21 1 t o  
250 deg/sec .  With symmetric mass d i s t r i b u t i o n ,  t h e  a i r p l a n e  recovered  from t h e  61 O 

angle-of  - a t t ack  s p i n  8 7/8 t u r n s  a f t e r  a p p l i c a t i o n  of normal r ecove ry  c o n t r o l s .  With 
asymmetric mass d i s t r i b u t i o n ,  t h e  sp in - recove ry  p a r a c h u t e  was needed t o  stop t h e  
a > 66O s p i n .  

E f f e c t  of Center-of  -Gravi ty  P o s i t i o n  

Moving the c e n t e r  of g r a v i t y  from 26 t o  35 p e r c e n t  mean aerodynamic chord  (0 .26c  
t o  0.35C) had l i t t l e  e f f e c t  on t h e  moderate  s p i n  mode (a i~ 43O) oE t h e  b a s e l i n e  con- 
f i g u r a t i o n ,  as  shown i n  t a b l e  1 1 .  As t h e  c e n t e r  of g r a v i t y  was moved a f t ,  the t u r n  
rate of t h e  f u l l y  developed s p i n  dec reased .  

Fol lowing  t h e  a p p l i c a t i o n  of p r o s p i n  c o n t r o l s ,  t h e  a i r p l a n e  t y p i c a l l y  e x p e r i -  
enced two or t h r e e  t r a n s i e n t  i n c r e a s e s  and d e c r e a s e s  i n  a n g l e  o€ a t t a c k  as i t  pro- 
g r e s s e d  t o  the  Eul ly  developed s p i n .  Moving t h e  a i r p l a n e  c e n t e r  of g r a v i t y  a f t  
i n c r e a s e d  the  magnitude of t h e  i n i t i a l  ang le -o f -a t t ack  t r a n s i e n t  g e n e r a t e d  by p r o s p i n  
c o n t r o l  i n p u t ,  a s  shown i n  f i g u r e  30. Recovery from a 1 - tu rn  s p i n  by u s e  of normal 
recovery  c o n t r o l s  was n o t  s i g n i f i c a n t l y  changed f o r  t h e  range  o€ c e n t e r - o f - g r a v i t y  
p o s i t i o n s  t e s t e d .  

Comparison of A i rp l ane  and Model S p i n  C h a r a c t e r i s t i c s  

Table  12 shows c h a r a c t e r i s t i c s  of f u l l y  deve loped  s p i n s  and r e c o v e r i e s  of t h e  
a i r p l a n e  and of s p i n - t u n n e l  model t e s t  r e su l t s  from r e f e r e n c e  7. The s p i n - t u n n e l  
model e x h i b i t e d  a l l  t h e  s p i n  modes o b t a i n e d  on t h e  a i r p l a n e .  The moderate  s p i n  modes 
of  t h e  a i r p l a n e  and of t h e  model ag reed  q u i t e  w e l l .  The model tes ts  i n d i c a t e d  t h a t  
bo th  t a i l s  3 and 4 would have f l a t  s p i n  modes; however, a f l a t  s p i n  mode w a s  n o t  
encoun te red  du r ing  f l i g h t  tests wi th  t a i l  3. The f l a t  s p i n  mode of t h e  a i r p l a n e  wi th  
t a i l  4 ( a i l e r o n s  n e u t r a l )  was a t  a lower a n g l e  o€ a t t a c k  and a s lower  t u r n  rate t h a n  
i n d i c a t e d  by the  model tests. I n  g e n e r a l ,  rudder -only  c o n t r o l  i n p u t  was n o t  a s  e f -  
€ e c t i v e  a t  recover ing  t h e  a i r p l a n e  from s p i n s  ( p a r t i c u l a r l y  r i g h t  s p i n s )  as it w a s  a t  
r e c o v e r i n g  t h e  model. 
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For rudder-only r e c o v e r i e s  from f u l l y  developed s p i n s  w i t h  a i l e r o n s  n e u t r a l ,  t h e  
€ l i g h t - t e s t  r e s u l t s  i n  t ab le  9 i n d i c a t e  the same e f fec t  of v a r y i n g  mass d i s t r i b u t i o n  
( I Y M P )  as t h a t  of t h e  t a i l  d e s i g n  c r i t e r i o n  p resen ted  i n  f i g u r e  6; t h a t  is, changing  
from fuse lage-heavy ( I Y M P  < 0 )  l oad ing  t o  wing-heavy (IYMP > 0 )  l o a d i n g  reduced  t h e  
e f f e c t i v e n e s s  of t h e  rudde r  € o r  s t o p p i n g  t h e  spin.  S imul taneous  c o n t r o l  r e v e r s a l  
a l s o  became less e f f e c t i v e  f o r  s t o p p i n g  s p i n s  as  t h e  a i r p l a n e  l o a d i n g  changed from 
f u s e l a g e  heavy t o  wing heavy-  Th i s  appea r s  t o  be c o u n t e r  t o  the t r e n d  expec ted  from I the t a i l  des ign  c r i t e r i o n  of f i g u r e  6. With t a i l  4, t h e  a i r p l a n e  had a n  un recove r -  

I a b l e  f l a t  s p i n  f o r  a l l  three load ings  tested; t h i s  is n o t  c o n s i s t e n t  w i t h  the  t a i l  
d e s i g n  c r i t e r i o n  of f i g u r e  6. Thus, as concluded from t h e  model tests, t h e  t a i l  
d e s i g n  c r i t e r i o n  canno t  be used  a l o n e  t o  p r e d i c t  sp in - r ecove ry  c h a r a c t e r i s t i c s .  
However, c e r t a i n  p r i n c i p l e s  impl ic i t  i n  the  c r i t e r i o n ,  a s  no ted  i n  t h e  i n t r o d u c t i o n ,  
a r e  s t i l l  v a l i d  and shou ld  be  c o n s i d e r e d  when d e s i g n i n g  a t a i l  c o n f i g u r a t i o n  for  s p i n  
recovery .  

SUMMARY O F  RES U L'IS 

F l i g h t  tests were conducted t o  i n v e s t i g a t e  t h e  s t a l l ,  s p i n ,  and recovery  charac- 
terist ics of a lcw-wing, s ing le -eng ine ,  l i g h t  a i r p l a n e  w i t h  f o u r  i n t e r c h a n g e a b l e  t a i l  
c o n f i g u r a t i o n s .  The f o u r  t a i l  c o n f i g u r a t i o n s  were e v a l u a t e d  Eor the  e f f e c t s  of vary-  
i n g  mass d i s t r i b u t i o n ,  c e n t e r - o f - g r a v i t y  p o s i t i o n ,  and c o n t r o l  i n p u t s .  The f o l l o w i n g  
resul ts  were i n d i c a t e d :  

1 .  S t a l l  d e p a r t u r e s  were c h a r a c t e r i s t i z e d  by r o l l - o f f  t e n d e n c i e s .  

2. A t  i d l e  power wi th  a i l e r o n s  n e u t r a l  and flaps r e t r a c t e d ,  the  baseline c o n f i g -  
u r a t i o n  ( t a i l  4 a t  i n e r t i a  yawing-moment parameter  IYMP = -50 x had t w o  s p i n  
modes, one a t  a n g l e  of a t t a c k  a = 43O and one a t  a = 60°. When f i t t e d  w i t h  t a i l  2 
t h e  a i r p l a n e  spun a t  a = 46O, w i t h  t a i l  3 it spun a t  a = 51°, and w i t h  t a i l  6 it 
spun a t  a = 53O. 

3. I n  g e n e r a l ,  normal r ecove ry  c o n t r o l s  ( a n t i s p i n  rudde r  fo l lowed by f u l l  
t ra i l ing-edge-down e l e v a t o r  w i t h  a i l e r o n s  n e u t r a l i z e d )  p rov ided  t h e  q u i c k e s t  r e c o v e r y  
from 1 - tu rn  through f u l l y  deve loped  moderate  s p i n s  f o r  a l l  t a i l  c o n f i g u r a t i o n s  and 
l o a d i n g s  t e s t e d .  

4. For t h e  b a s e l i n e  l o a d i n g  t e s t e d  (IYMP = -50 X 10'*), t h e  s imul t aneous  recov-  
e r y  c o n t r o l  i n p u t  w a s  p r a c t i c a l l y  as e f f e c t i v e  as t h e  normal r ecove ry  c o n t r o l  i n p u t .  
The rudder-only r ecove ry  c o n t r o l  i n p u t  d i d  not  a lways s t o p  t h e  s p i n .  The n e u t r a l  
r ecove ry  c o n t r o l  i n p u t  produced slower r e c o v e r i e s  t h a n  e i ther  normal o r  s imul t aneous  
r ecove ry  c o n t r o l s .  The e l e v a t o r - o n l y  recovery c o n t r o l  i n p u t  d i d  n o t  r e c o v e r  t h e  
a i r p l a n e  from f u l l y  deve loped  s p i n s .  

5. Through u s e  of normal r ecove ry  c o n t r o l s  f o r  a l l  t a i l  c o n f i g u r a t i o n s  and load-  
i n g s  t e s t e d ,  1 - tu rn  s p i n s  cou ld  be t e rmina ted  w i t h i n  1 a d d i t i o n a l  t u r n  f o l l o w i n g  
a p p l i c a t i o n  of r ecove ry  c o n t r o l s .  

6. Making t h e  a i r p l a n e  more wing heavy ( i n c r e a s i n g  t h e  r o l l i n g  moment of i n e r t i a  
r e l a t i v e  t o  t h e  p i t c h i n g  moment of  i n e r t i a )  d id  n o t  a p p r e c i a b l y  change the s p i n  mode, 
b u t  i t  d i d  deg rade  s p i n  r ecove ry .  Recover ies  u s i n g  normal r ecove ry  c o n t r o l s  were 
a f f e c t e d  less by t h e  mass changes t h a n  r e c o v e r i e s  u s i n g  t h e  o t h e r  c o n t r o l  i n p u t s  
t e s t e d .  
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7. A s  there was ample elevator  def lec t ion  t o  f u l l y  s t a l l  the a i rplane a t  a l l  
center-of-gravity posi t ions tes ted,  moving t h e  center of gravi ty  rearward nine per- 
cent  of the mean aerodynamic chord had l i t t l e  efEect on spin c h a r a c t e r i s t i c s  of the 
baseline configuration. 

8. For a l l  €our t a i l  configurations,  the moderate spin modes of the airplane 
agreed very well with those predicted from spin-tunnel model t e s t s .  The f l a t  spin 
encountered wi th  t a i l  4 was a t  a lower angle of a t tack and a t  a slower turn r a t e  than 
those predicted from spin-tunnel model t e s t s .  

9. The 1947 NACA t a i l  design c r i t e r i o n  For l i g h t  a i rplanes,  which uses the t a i l  
damping power factor  (TDPF) as a parameter, cannot be used alone t o  pred ic t  a i rplane 
spin recovery charac te r i s t ics .  

NASA Langley Research Center 
Hampton, VA 23665-5225 
October 20, 1986 
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TABLE 1.- BASELINE AIRPLANE CHARACTERISTICS 

A i l e r o n  (each  
Area. f t 2  . 
Span. f t  . 
Chord. f t  . 
Hinge l i n e .  
Hinge l i n e .  

F l a p  (each):  

O v e r a l l  dimensions:  
Span. f t  ...................................................................................... 24.46 
Length. f t  .................................................................................... 18.95 
Height. f t  .................................................................................... 6.73 

Engine: 
Type ................................................ Reciproca t ing .  4.cylinder. h o r i z o n t a l l y  opposed 
Rated cont inuous  power. h p  .................................................................... 108 
Rated cont inuous  speed. rpm .................................................................... 2600 

Prope 1 l e r  : 
Type .......................................................................... 2 b l a d e s .  f i x e d  p i t c h  
Diameter. i n  ................................................................................... 71 
P i t c h .  i n  . .................................................................................. 46 

Wing: 
Area. f t 2  ..................................................................................... 98.1 1 
Root chord. f t  ................................................................................ 4.00 
T i p  chord. f t  ................................................................................ 4.00 

Aspect ra t io  ................................................................................. 6.10 
Dihedra l .  deg ................................................................................. 5.0 
Inc idence  : 

Root. deg ................................................................................... 3.5 
Tip. deq ................................................................................... 3.5 

A i r f o i l  s e c t i o n  ............................................................... NACA 642-415 modi f ied  

Mean aerodynamic chord. f t  .................................................................... 4.00 

.................................................................................... 2.60 .................................................................................... 3.82 .................................................................................... 0.68 
p e r c e n t  a f t  of wing l e a d i n g  edge ............................................ 85.4 
p e r c e n t  c a f t  of a i l e r o n  l e a d i n g  edge ............................................ 14.2 

- 

Area. f t L  ...................................................................................... 2.68 
Span. f t  ...................................................................................... 4.01 
Chord. f t  ....................................................................................... 0.68 
Hinge l i n e .  p e r c e n t  c a f t  of wing l e a d i n g  edge ............................................... 85.4 
Hinge l i n e .  p e r c e n t  a f t  of f l a p  l e a d i n g  edge ............................................... 14.2 

H o r i z o n t a l  t a i  1: 
Area ( e x c l u d i n g  e l e v a t o r )  . f t2 ................................................................. 9.52 
Span. f t  ....................................................................................... 7.69 
Root chord. f t  ................................................................................ 3.60 
Tip  chord. f t  ................................................................................ 1.67 
Aspect r a t io  ................................................................................ 3.51 
Inc idence .  deg  ................................................................................ -3.0 
A i r f o i l  s e c t i o n  ........................................................................ NACA 6!j1-012 

A r e a  ( e x c l u d i n g  r u d d e r ) .  f t 2  ................................................................... 4.76 
Span. f t  ....................................................................................... 4.09 
R o o t  chord. f t  ................................................................................. 3.60 
Tip  chord. f t  ................................................................................. 1.67 
Aspect r a t i o  ................................................................................. 1.46 
T a i l  o f f s e t .  deg  ............................................................................... 0.0 
A i r f o i l  s e c t i o n  ....................................................................... NACA 651-012 

Ver t i ca l  t a i l :  

C o n t r o l  s u r f a c e  d e f l e c t i o n s :  
E l e v a t o r .  deg  ........................................................................ 25 up. 1 5  down 
Ai le ron .  deg ........................................................................ 25 up. 20 down 
Rudder. deq ..................................................................... 25 l e f t .  25 r i g h t  
Flap. deg ............................................................................ 0. 30 down 
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TABLE 2. - GEOMETRIC CHARACTERISTICS OF T A I L  CONFIGURATIONS 

3 

FS 218.92 
4.79 

FS 218.92 
WL 54.08 

7.34 

I T a i  1 c o n f i g u r a t i o n  

4 6 

FS 218.92 FS 218.92 
3.61 4.79 

FS 233.05 FS 218.92 
WL 45.0 WL 60.68 

8.26 7.34 

z C h a r a c t e r i s t i c  

R u d d e r :  
Hinge l i n e ,  i n .  . . . . . . .  

2 A r e a ,  ft . . . . . . . . . .  FS 218.92 
3.61 

~ 

I 

S t i c k - f i x e d  neu t r a l  p o i n t  
( c a l c u l a t e d  f o r  g l i d i n g  
f l i g h t ,  no p r o p e l l e r )  . . . .  

FS 218.92 
WL 54.08 

. . . . . . .  E l e v a t o r :  
Hinge  l i n e ,  in.. 

0.327: 

I 7.34 2 A r e a ,  f t  . . . . . . . . . .  

0.327c 0.3525 0.330c 

S t i c k - f i x e d  n e u t r a l  p o i n t  
( f r o m  f l i g h t  tests, 
p o w e r  o n )  . . . . . . . . . .  

0.327c 0.3525 0.330c 

TDR T a i  1 
c o n f i g u r a t i o n  

URVC TDPF 

TABLE 3.- DAMPING CHARACTERISTICS OF T A I L  CONFIGURATIONS 

0.028 
.018 
.0045 
.025 

0.012 336 x 
.016 288 
.018 81 
.021 525 
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TABLE 5.- AIRPLANE STALL CHARACTERISTICS WITH TAIL 6 

I d l e  

i 

\' 

0 
1 

0 

0 

24 5 6 

-32 2 : 

0 
1 2  

-1 2 

4 
-10 +, 

12 

3 

-1 5 

0 

-1 2 

12 

[IYMP = -50 x c o g .  a t  0.26cl 

D e s c r i p t i o n  of maneuver 

Wheel back t o  s t a l l ,  t h e n  c o n t r o l s  f i x e d  
Wheel f u l l  back, t hen  c o n t r o l s  f i x e d  

Wheel back t o  s t a l l ,  t h e n  a i l e r o n s  used  

Wheel f u l l  back, t h e n  rudde r  used 

R igh t  s i d e s l i p  

L e f t  s i d e s l i p  

L e f t  t u r n  
Sk idd ing  l e f t  t u r n  

S l i p p i n g  l e f t  t u r n  

R igh t  t u r n  
Skidding  r i g h t  t u r n  

S l i p p i n g  r i g h t  t u r n  

L e f t  t u r n  

S l i p p i n g  l e f t  t u r n  

R igh t  t u r n  

Skidding  r i g h t  t u r n  

S l i p p i n g  r i g h t  t u r n  

R e s u l t  

Roll-of f t o  l e f t  
Rol l -off  t o  l e f t  and  

a u t o r o t a t i o n  
Ai l e rons  e f f e c t i v e  a t  

f i r s t ,  t h e n  a i r p l a n e  
sp i ra l s  t o  r i g h t  

Rol l -of f  c o n t r o l l a b l e  
w i t h  a n t i c i p a t o r y  usi 
of rudder  b u t  p i l o t  
e v e n t u a l l y  loses 
c o n t r o l  of a i r p l a n e  

Roll-of f t o  l e f t  
u n c o n t r o l l a b l e  

Rol l -of f  t o  r i g h t  and  
p i t c h  forward  vio-  
l e n t l y  wi th  a p p a r e n t  
loss of d i r e c t i o n a l  
s t ab i  l i t y  

Very mild wing rock  
Tendency t o  r o l l - o f  f t c  

G e n t l e  s t a l l ;  r o l l - o f f  

L e f t  wing d r o p  
Roll-of  f t o  r i g h t  

uncon t r  01 l a b  l e  
Tendency t o  r o l l - o f f  tc 

l e f t ;  c o n t r o l l a b l e  
wi th  rudde r  and 
a i l e r o n  

Rol l -of f  t o  l e f t  a n d  
a u t o r o t a t i o n  

Mild s t a l l  fo l lowed  by 
r o l l - o f  f t o  r i g h t  

Tendency t o  r o l l - o f f  t c  
l e f t ;  a u t o r o t a t i o n  t l  

r i g h t  if abused  
Roll-of f t o  r i g h t  

u n c o n t r o l l a b l e  
Rol l -of f  t o  l e f t  

o v e r  top 

l e f t  and s p i n  

t o  r i g h t  
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TABLE 5.- CONCLUDED 

laximurr 

I 

-4 
0 

-4 

0 

20 
-1 3 
0 

€3 

-1 3 

-4 
6 

-1 

11 

1 3  

-2 

6 

- 

-~ ~~ 
~ ~~ 

D e s c r i p t i o n  of maneuver 

,fieel back t o  s t a l l ,  t h e n  c o n t r o l s  f i x e d  
theel f u l l  back, t h e n  c o n t r o l s  f i x e d  
h e e l  back t o  s t a l l ,  t h e n  a i l e r o n s  used 

$hee l  full back, t hen  rudder used  

R igh t  s i d e s l i p  
L e  f t s i des l i p  
L e f t  t u r n  

Skidding  l e f t  t u r n  

S l i p p i n g  l e f t  t u r n  

R igh t  t u r n  
S l i p p i n g  r i g h t  t u r n  

L e T t  t u r n  

Skidding  l e f t  t u r n  

S l i p p i n g  l e f t  t u r n  

R i g h t  t u r n  

S l i p p i n g  r i g h t  t u r n  

R e s u l t  

Toll-of f t o  r i g h t  
Tol l -off  t o  r i g h t  
iandom a i l e r o n  

e f f e c t i v e n e s s  ; 
f u l l  a i l e r o n  
i n p u t  e f E e c t i v e  

Yore r o l l i n g  and yaw- 
i n g  t h a n  a t  i d l e  
power, b u t  can  hold 
i n d e f i n i t e l y  

Roll -off  t o  l e f t  
Rol l -off  t o  r i g h t  
Roll-off t o  r i g h t  

s lowly ;  f u l l  
a i leron i n e f f e c -  
t i v e  a t  c o u n t e r -  
i n g  rol l -off  

l e f t  

r i g h t  

Tendency t o  r o l l - o f f  t c  

Tendency t o  r o l l - o f f  t c  

Rol l -of f  t o  r i g h t  
C o n t r o l l a b l e  a b o u t  a l l  

Rol l -off  t o  r i g h t  con- 
a x e s  

t r o l l a b l e  w i t h  rudder  
and a i l e r o n s  

Rol l -of f  t o  l e f t  and  
a u t o r o t a t i o n  i n  
v e r t i c a l  roll 

Roll-off  t o  r i g h t  o v e r  
t o p  

Rol l -of f  t o  r i g h t  and  
a u t o r o t a t i o n ,  rudde r  
and a i l e r o n s  can  
k e e p  wings l e v e l  

Sudden r o l l - o f f  t o  
l e f t  ove r  top 
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TABLE 6.- STALL CHARACTERISTICS FOR THE FOUR TAIL CONFIGURATIONS 

[ I m p  = -50 x c.g. a t  0.2661 

I 

- 
?ai  1 

Idle  

I 
Max 

- 
Id l e  

I 
Max 

- 
I d l e  

I 
Max 

- 

0 
0 
0 

15 
-1 6 

0 

0 

0 

0 

2 8  

-32 

0 

3 
3 

3 
18 

-1 9 
0 

0 
1 

0 

24 5 6 

-32 5 

-1 

Description of maneuver 

*eel back t o  s t a l l ,  t h e n  controls  f ixed 
??heel f u l l  back, then controls f ixed 
Wheel f u l l  back, then rudder used 

Right s i d e s l i p  
Left  s i d e s l i p  

Left  t u rn  

Wheel back t o  s t a l l ,  then con t ro l s  f ixed 

Wheel f u l l  back, then controls  f i xed  

Wheel f u l l  back, then rudder used 

Right s i d e s l i p  

Left  s i d e s l i p  

Left  t u rn  

Wheel back t o  s t a l l ,  then con t ro l s  f i xed  
Wheel f u l l  back, then controls f ixed 

Wheel f u l l  back, then rudder used 
Right s ides  l i p  
Left  s i d e s l i p  
Le f t  turn 

Wheel back t o  s t a l l ,  then con t ro l s  f ixed 
Wheel f u l l  back, then controls f ixed 

Wheel f u l l  back, then rudder used 

Right s i d e s l i p  

Le f t  s i d e s l i p  

Le f t  t u rn  

R e s u l t  

Rol l -off  t o  r i g h t  slowly 
Roll-off t o  l e f t  
Roll-off t o  r i g h t  

- 1 1 O  < B < 1 8 O  from 
rudder 

Roll-off t o  l e f t  mildly 
Roll-off t o  r i g h t  (not  

Stays i n  s t a b l e  s t a l l  
s t a l l  break)  

Tendency f o r  autorota-  
t i o n  t o  r i g h t  

Roll  l e f t ,  then r i g h t  
i n t o  v e r t i c a l  maneuver 

a = 2 4 O  with f u l l  a f t  
s t i c k  

Roll-off t o  l e f t  
uncontrol lable  

Roll-off t o  r i g h t  
uncontrol lable  

Development of l e f t  B ;  
r o l l -o f f  t o  r i g h t  

Roll-off t o  l e f t  slowly 
Autorotation t o  l e f t  

( l e f t  rudder was 
inpu t  1 

Control lable  with rudder 
Roll-off t o  l e f t  
Nothing 
Heavy b u f f e t  with wing 

rock 

Roll-off t o  l e f t  slowly 
Tendency f o r  autorota-  

Can con t ro l  r o l l  with 
t i o n  t o  l e f t  

judicious ant ic ipatory 
u s e  of rudder; p i l o t  
eventual ly  loses  
con t ro l  of a i r p l a n e  

Roll-off t o  l e f t  
uncontrol lable  

Roll-off t o  r i g h t  and 
p i t c h  forward vio- 
l e n t l y ;  loss of 
d i r e c t i o n a l  s t a b i l i t y  

t r o l l a b l e  with rudder 
and a i l e r o n s  

Roll-off t o  r i g h t  con- 
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TABLE 9.- TURNS REQUIRED FOR SPIN RECOVERY 

1 I d l e  power, f l aps  r e t r a c t e d ,  f u l l  p rosp in  rudder  and f u l l  t ra i l ing-edge-up e l e v a t o r  d e f l e c t i o n s  
du r ing  spin.  A blank space i n d i c a t e s  cond i t ion  was n o t  t e s t e d ;  Q) i n d i c a t e s  a i r p l a n e  
s t a b i l i z e d  i n  a s p i n  with recovery c o n t r o l s  a p p l i e d ;  > i n d i c a t e s  a i r p l a n e  had n o t  s topped 
sp inn ing  a t  t h a t  p o i n t  and p i l o t  r e v e r t e d  t o  secondary recovery c o n t r o l  i n p u t  

T a i l  2 I T a i l  3 I T a i l  4 I T a i l  6 
Prospin 
:urns and 
l i  r e c t i o n  

Aileron 
)os i ti on 

{e c ove r y 
:ontrols  IYMP, - 

0 

1 
2 

5 

- 
- 

l8 

G 
7 1- 8 

1 2- 4 

3 
8 

7 
8 

- 

- 
- 

- 

m 

>5 

4 - 
1 

3 1- 
8 

m 

m 

4 
- 

- 
50 

1 
2 

1 

- 
- 

'z 

lT 

'-E 

'7 

1 

3 

- 
1 

- 
3 
4 
- 

1 

>3 

3 2- 8 

3 
l-a - 
1 2- 4 

1 1- 2 

m 

m 

% 
- 

_ _ ~  

-50 -50 50 -50 50 0 

1 

a 7 
8 

1 

- 

'5 
3 1- 
8 

1 
l';r 

-50 

1 1  - 
3' 7 

1-, 1- 1 1  
4 2  

3 % 

l8 
7 

3 1 5  2 7 ;  

1-, 1- 1 1  
2 2  

1 
2 2, 2- 

1 lz 

- 1 3  
4.' 3 

3 
l-E 

7 
8 

1-, 2 

1 1- 8 

1 
2 
- 

1 2- 4 

Normal 

Normal 

Normal 

Normal 

;imu 1 t a- 
le ou s 

1 Right  

3 Right  

6 Right  

6 L e f t  

6 Right  

Neutral  

Neutral  

Neu t r  a 1 

Neutral  

Neutral  
7 lz 

1 Right  

1 L e f t  

3 Right  

6 Right  

6 L e f t  

Neutral  

Neutral  

Neutral  

Neutral  

Neutral  

Neutral  

Neu t ra l  

Neu t r a 1 

Neu t r a  1 

Neu t ra l  

1 
2 

7 
8 

- 

- 

m 

>5 

m 

3 % 

la 1 

m 

3 5  a's 
2 ' z  
1 1  

1 
23 
1 
4 1-, 2 

3 
l.3 

3 
4 

1 
2 

- 

- 

3 
2T 

1 >%, OC 

3 
4 

1 1  

- 

lT 2: 

1 
2- 4 

2 

1 Right  

1 L e f t  

3 Right  

6 Right 

6 L e f t  

Neutral  

Neu t ra 1 

Neu t r a  1 

Neutral  

Neu t r a  1 

Rudder 

Rudder 

Rudder 

Rudder 

Rudder 

5 
8 

1 
2 

- 

- 

2 

l e  '4, > 4 p  4.j 

'a 3 

m 

3 1- 4 

m 

m 

m 

1 1  2-, >4- 4 4  

5 
8 

>4, 

- 

2 

Footnotes a t  end of t a b l e ,  p. 29. 
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TABLE 9.- CONCLUDED 

T a i l  2 T a i l  3 T a i l  4 T a i l  6 
prospin 
.urns and 
i r e  c t i  on 

A i l e r o n  
position 

-50 

OD 

1 
4 

1 
8 

1 
1- 4 

1 

- 

- 

lz 

1 
2 

1 2- 4 

1 3  

- 

22, % 
1 

1 
1- 

8 

1 1 
5 8  '3 

c>5 

0 

.ecovery 
on t r  o Is 

1 Right 

3 Right 

6 Right 

: levator 

:leva t o r  

: levator 

Neutral  

Neutral  

N e u t r a l  

Normal 

Normal 

Normal 

Normal 

1 Right 

1 Le f t  

3 Right 

6 Right 

Normal 

Normal 

Normal 

With 

With 

With 

With 

Neutral 

Neutral  

Rudder 

Rudder 

Rudder 

1 Right 

3 Right 

6 Right 

Against 

Against 

Against 

-50 

1 Right 

1 Le f t  

3 Right 

6 Right 

6 Le f t  

1 1  - 
4' z 

1 
4 

1 
1- 4 

1 1- 
2 

- 

Against 

Against 

Against 

Against 

Against 

5 
8 

1 2- 
8 

- 

1 3  
8 4  

1-, 1- 

1 

1 a 4 2  >6, >I 

0 

Immed- 
i a t e  

OD 

1 
4 
- 

3 1- 
4 

1 
1- 

4 

1 
4 
- 

7 1- 
8 

1 

3 
1- 4 

IYMP, x 

a Recovery con t ro l s  applied a f t e r  4 t u rns .  
bRecovery con t ro l s  appl ied a f t e r  5 t u rns  
'Recovery con t ro l s  appl ied after 7 turns .  
dRecovery con t ro l s  appl ied a f t e r  10 turns.  
eAirplane t r ans i t i oned  t o  a higher angle-of -attack s p i n  with f a s t e r  turn r a t e .  
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F i g u r e  1.- Body system of axes .  Arrows i n d i c a t e  p o s i t i v e  d i r e c t i o n  of q u a n t i t i e s .  
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FS 80.68 

Fusel age referenc 
l i ne  WL 45.00 

WL 3 3 . 5 1  

S p i n - re  c o ve ry 
parachute system 

F i g u r e  3. -  Three-view drawing of test a i r p l a n e  b a s e l i n e  c o n f i g u r a t i o n .  
Dimensions are i n  f e e t .  

Diameter 5.92 

24.46 J 

FS 80.68 

Fusel age referenc 
l i ne  WL 45.00 

WL 3 3 . 5 1  

S p i n - re  c o ve ry 
parachute system 
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L-86-409 
( a )  Photographs of t a i l s .  

Figure 4.- Ta i l  configurations tes ted .  

36 



co co 
0 n co 

a, 
b 
rd 
rl 
a, 
0 
3 
w 

-0 aJ 

0 
0 A.. 

U tu 
I-u -- . I  

a, u a ,  
a b  
w a  

. 
a 
a, a 

co 
0 

d 
In 

n 
L O  
0- 
I 

I 
0 
0 

w 
0 

cn 
b 
d 

.rl 

k a 
% 

L) 

i l a J  
0-l 

L- tu E 
f 
-4 

a, 
a, 

2 
v, .F 0 

Lc, a 
Y 0 

I 

37 



38 

L x 

t 

L 
0 

II 

0- 
n 
L L  

I- 

L 
0 

h . 
I- 

w 
a, 
k 

. 
k 
0 u 
b a 
Iu 

P c 

rl 
-rl 
(d 
4J 

P c 

(u 
0 

Q\ x 
I. 

m 

a, 
k 
-3 tn 
.d 
E 



600 

500 

L L  

I- 

L 
0 
c, u tu 
le 

L 
W 

2 400 - 

300 
n 
13, c 
.I- n 
5 u - 
'5 I- 200 

100 

0 
-100 

x 

I 1 1 I I I I 1 

-80 -60 -40 -20 0 20 40 60 sb d o  x 10-4 

S 

Boundary f o r  recovery 
by rudder  a lone  
from reference 7 

Sa t i s fac tory  o r  
u n  s a t i s f ac t ory 

rudder  and e l e v a t o r  from Satisfactory o r  unsat isfactory reference 

0 Tail 2 
0 Tail 3 
O T a i l  4 

Tail 6 

0 

Boundary f o r  recovery by 
= 11 Sat i s fac tory  s imultaneous r eve r sa l  o f  

0 

Ine r t i a  yawing-moment parameter, I X  - I Y  
2 mb 

F i g u r e  6.- V a r i a t i o n  of t a i l  damping power f a c t o r  w i t h  i n e r t i a  yawing-moment 
parameter f o r  conEigura t ions  t e s t e d  showing 1947 NACA sp in - recove ry  
g u i d e l i n e .  
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